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(1) \Delta . (2)
$m$ , $D$ , $|\{\mathrm{i}\leq n:D(j)=1\}|/narrow 1/2^{m}$
(if $narrow\infty$) . (3) $m$ ,
$D$ , $|\{\mathrm{i}\leq n:D(j)=1\}|/n\prec 1-1/2^{m}$ (if $narrow\infty$ )
. (4) Martin-L\"of random oracle . (5)
, .
$\vee\mp\sim" 17-\text{ ^{}\backslash }\backslash$ random number generation, extractor definition of random sequence,
algorithmic $\inf_{0\Gamma \mathrm{I}}\mathrm{n}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ theory, Dowd-type generic oracle, forcing complexity,
bitmap, pen tablet.
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, (i, , ( )
($\mathrm{i}$ , 0, 1 ,
( , , 0 , 1
). $A=(a_{i,j})(\mathrm{i},j\in\{0, \cdots, N-1\})$ .




$\triangle$ $\theta$ $\Rightarrow$ $*$ $\theta$ $\wp$ $\triangle$ $\theta$
, $a$ .
$a=a_{0,0}\cdots a_{0,N-1}a_{1,\mathrm{O}}\cdots a_{1,N-1}\cdots a_{N-1,\mathrm{O}}\cdots a_{N-1_{7}N-1}$
STEP2: STEPI $a$ , 2 ,
2 .
1 , $0^{i}1^{j}0^{k}1^{l}\cdots$ ( $i\geq 0$ , $:i,$ $k,$ $\ell,$ $\cdots\geq 1$ )
, $1^{j},$ $0^{k},$ $1^{f}\cdots$ . $\mathrm{i}\geq 1$ , $0^{i}$
. , $\mathrm{i},j,$ $k,$ $l$ .
STEP3: STEP2 $b_{0}\cdots$ b2 $1+k$ . , $n$ , $k$
0 1 . ,
$b_{0}\mathrm{x}\mathrm{o}\mathrm{r}b_{2n-1+k},b_{1}\mathrm{x}\mathrm{o}\mathrm{r}b_{2n-2+k},$ $\cdots,$ $b_{j}\mathrm{x}\mathrm{o}\mathrm{r}b_{2n-j-1+k}$ ,




, . $\text{ }$












, STEPI $A$ $a$
. $X_{1},$ $X_{2},$ $X_{3},$ $\cdots$ ,




, 1( ) 50 .
2: , , (
, $\mathrm{r}_{x_{n+k}=f(x_{n}x_{n+1}\cdots x_{n+k-1})\text{ }}$ , $k$ , $f$ $k$
) , $y^{(1)},$ $y^{(2)},$ $y^{(3)},$ $\cdots$
.
3; , $y^{\{1\}},$ $y^{(2)},$ $y^{(3\rangle},$ $\cdots$ ( )
, . ,
, 0
( ) . , $y^{(1)},$ $y^{(2)},$ $y^{(3)},$ $\cdots$
0 $y_{0}^{(1)},$ $y_{0}^{(2)},$ $y_{0}^{\langle 3)},$ $\cdots$ , 0
.
13
3 , . ,
, 0( )
. , $y^{\{1)},$ $y^{\langle 2)},$ $y^{(3)},$ $\cdots$
,
.




, $(\mathrm{i}+1)$ $z(\mathrm{i})$ .




$1/2^{m}$ . , $X$ ,
(1.1) $1-1/2^{m}$ . [ $|$ $|$ cardinality .
( , $X$ , (1.1)
1/2 ,)
2:
1. $X$ $(X\not\in \mathrm{P}/\mathrm{p}\mathrm{o}1\mathrm{y})$ .
, $(X\not\in \mathrm{p})$ .
2. $k$ $f$ $\{0, 1\}^{k}$ {0, 1} $X$
. , $i$
$f(X(z(\mathrm{i})), X(z(\mathrm{i}+1)),$ $\cdots$ ? $X(z(i+k-1)))=0$ (1.2)
.
3: $X$ , (sparse) $T\subseteq\{0,1\}^{*}$
, $T$ {0, 1} $f$ $T$ $f$
, $T$ $t$ $X(t)=f(t)$
, $T\underline{\subseteq}\{0,1\}^{*}$ , $p$ ,
$n$







1 H , $D$ $r$-Dowd (Dowd $r$
)
, $D$ . $r$ -Dowd
[Do92, SuOl, Su02, Su05] ( ) (the
relativized propositional calculus) . The relativized propositional
calculus 2 . $r$-Dowd –
. $X$ , the $1^{\backslash }\mathrm{e}1\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{v}\mathrm{i}\mathrm{z}\mathrm{e}\mathrm{d}$propositional calculus
[$X$ . $r$ .
$X$ , , $r$
$\text{ }X$
$r$ . . ( )
(forcing condition) ,
1 [Do92]
1. $F$ , , $S$
$X$ $F$ , [$S$ $F$
.
2. $X$ $r$ -Dowd(Dowd $r$ ) ,
$p$ , $X$ $r$- . $F$ ,
$S$ , $S$ $X$ , $S$ $F$ , , $S$
(cardinafity) $p(|F|)$ .
H , $r$-Dowd (
, ) 1 (
[Do92], [SuOl, Su02] ).
$f$
2 1 $D$ , $f(D)$ 1
, $\text{ }f$ .
$f$
$2’$ [ $r$ $s$ , $s$-Dowd $D$
, $f(D)$ $r$-Dowd
, , $f$ 2 .
, 8 , .
15
( 2, 3, 4, 6) ,
1 , 12 1,2,3 .
1, 2 6 . 8
15 , 4 .
$X_{1},$ $X_{2},$ $\cdots$ $y^{(1)}$ ,
$y^{(2)},$ $\cdots$ , $a$ , $a$ 1
, . $a$







Bernoulli sequence and random oracle:
[Fe68, Fe71] . 0 1
, ,
[BG81] . $\varphi$
( ) 1 , $X$
( 1 ) $X$ $\varphi$ . $X$
( 1 ) $X$ Martin-L6f random ( ).
Martin-L\"of’s 1-randomness and Kolmogorov complexity: Martin-L6f
random , effective version .
$X$ Martin-L6f random , , $X$ effective
. 2 , cpen set
open set .
2 [M166, YDD04]
1. A computable collection $\{V_{n} : n\in \mathrm{N}\}$ of computably enumerable open sets is
said to be aMartin-L\"of test if for all $n$ the measure of $V_{n}$ is at most $2^{-n}$ .
2. An oracle $X$ is said to pass the Martin-L\"of test if there exists $n$ such that
$X\not\in V_{n}$ .
3. An oracle $X$ is said to be Martin-L\"of random if it passes $\mathrm{a}\square$ Martin-L6f test.
Martin-L\"of randomness , Martin-L\"of $\mathit{1}$ -randomness
$\mathrm{t}8$
(Martin-L6f [J\rfloor ). Martin-L\"of randomness
, [Ca02] . Martin-L\"of random ,
Kolmogorov complexity[BDG90, LV97] . $u$ ,
(prefix free) Kolmogorov complexity $K(u)$ . $X$ Martin-L6f
random ,
$\exists c\in \mathrm{N}\forall n\in \mathrm{N}K(X\mathrm{r}n)\geq n-c$
(Schnorr $[\mathrm{S}\mathrm{c}\mathrm{h}7\mathrm{l}\mathrm{b}]$).
$X$ Martin-L\"of random , (1.1) 1/2 , , $X$




, 1 3 . ,
, 1 3 .
, .
( 1) Martin-L6f random , 1 .
6 .
Resource bounded randomness and resource bounded genericity:
Schnorr $[\mathrm{S}\mathrm{c}\mathrm{h}7\mathrm{l}\mathrm{a}, \mathrm{S}\mathrm{c}\mathrm{h}7\mathrm{l}\mathrm{b}]$ Martin-L\"of rmdomness , resource
bounded measure resource $\mathrm{b}\mathrm{o}\iota \mathrm{m}\mathrm{d}\mathrm{e}\mathrm{d}$ randomness . (Martingale
$\text{ }$ ) $t(n)$ ,
$t(n)$ -measure $t(n)$ -randomness . Lutz [Lu92]
, . $t(n)$ -randomness , Ambos-Spies
$t(n)$ -genericity [AFH88, Am96] .
$t(n)$ $\forall nt(n)\geq n^{2}$ , $X$ ,
.. [ANT96, $\mathrm{A}\mathrm{T}\mathrm{Z}97$] If. $X$ is $t(n)$ -random then $X$ is $t(n)- \mathrm{g}\mathrm{e}\mathrm{n}\mathrm{e}\mathrm{r}\mathrm{i}\mathrm{c}$.
$\bullet$ [ANT96] If $X$ is $t(n)$ -generic then $X$ is $\mathrm{D}\mathrm{T}\mathrm{I}\mathrm{M}\mathrm{E}(t(2^{n-1}))- \mathrm{b}\mathrm{i}- \mathrm{i}\mathrm{m}\mathrm{n}\mathrm{u}\mathrm{n}\mathrm{e}$ .
, $X$ DTIME(t(2 $)$ ) $- \mathrm{b}\mathrm{i}$-immune , $X$






. Resource-bounded randomness genericity
[AM97] , resou $\mathrm{r}\mathrm{c}\mathrm{e}$-bounded genericity [Am96]
.
Time complexiy, circuit complexity and their variants: $X$
$X$ $\forall n\in \mathrm{N}X(2n)=X(2n+1)$
. , [
, 2 2 .
.
${\rm Min}$-entropy and Nisan-Zuckerman-type extractor: ,
, .
Zuckerman [Zuc90] (weak random source)
, $\min$-entropy
. Shannon , Nisan-Zuckerman
, . , Nisan C Zuckerman ,
$\min$-entropy (extractor) $[\mathrm{N}\mathrm{Z}93, \mathrm{N}\mathrm{Z}96]$ .
3 1. [Zuc90] Suppose that $X$ is $\mathrm{a}$ distribution on $\{0, 1\}^{n}.$ The min-entropy
of $X$ (denoted by $H_{\infty}(X)$ ) is defined as follows.
H\infty (X)=x 0,$W^{\log\frac{1}{\mathrm{P}\mathrm{r}\mathrm{o}\mathrm{b}[X=x]}}n$ .
2. [Sh02] Suppose that $\epsilon$ is a positive number. Two distributions $P,$ $Q$ over the
same domain $T$ are $\epsilon$-close if it holds that
$\frac{1}{2}\cdot\sum_{x\in T}|P(x)-Q(x)|\leq\in$ .
3. [NZ93, NZ96] Suppose that $k$ isapositive integer and $\epsilon$ isapositive numbel
$\cdot$ .
A function
$\mathrm{E}\mathrm{x}\mathrm{t}$ : $\{0, 1\}^{n}\mathrm{x}\{0,1\}^{d}arrow\{0,1\}^{m}$
is cffied a $(k, \epsilon)$ -extractor if for every distribution $X$ on $\{0, 1\}^{n}$ with $H\infty(X)\geq$
$k$ , the distribution $\mathrm{E}\mathrm{x}\mathrm{t}(X, U_{d})$ (where $U_{d}$ is uniforndy distributed in {0, $1\}^{d}$ ) is
$\epsilon$-close to the uniform distribution on $\{0, 1\}^{d}$ .












$\text{ }$ . , Nisan-Zuckerman
( , ) .
3 extractor [NTs99, Sh02]
.







. $C_{1},$ $C_{2}$ , $C_{3}=\mathrm{f}\mathrm{l}\mathrm{o}\mathrm{o}\mathrm{r}(\log_{2}(C_{1}+C_{2}))$
. , floor(x) $x$ . $C_{1}=60$ ,
$C_{2}=2$ $C_{3}=5$ . $C_{1},$ $C_{2}$ ,
( 256 $\mathrm{x}256$ ) ,
.
STEPI: , $a$ .
$a=a_{0,0}\cdots a_{0,N-1}a_{1,0}\cdots a_{1,N-1}\cdots a_{N-1,0}\cdots a_{N-1,N-1}$
$\mathrm{S}\mathrm{T}\mathrm{E}\mathrm{P}2$ : STEPI $C_{1}$ .
(o) $=a_{0}^{(0)}\cdots a_{C_{1}-1}^{\langle 0)},$ $a^{(1)}=a_{0}^{(1)}\cdots a_{C_{1}-1}^{(1)},$ $\cdots$ .
$a^{(0)}$ , $C_{2}$ 2 , 2
$C_{3}$ $b^{(0)}$
18
. , $a^{(1)},$ $a^{\langle 2)},$ $\cdots$ $b^{\langle 1)},$ $b^{(2)},$ $\cdots$
. , $b^{\langle 0)},$ $b^{(1\rangle},$ $b^{(2)},$ $\cdots$ .
STEP3: STEP2 $b_{0}\cdots b_{2n-1+k}$ . , $n$ , $k$
0 1 . ,
$b_{0}\mathrm{x}o\mathrm{r}b_{2n-1+k_{f}}b_{1}\mathrm{x}\mathrm{o}\mathrm{r}b_{2n-2+k},$ $\cdots,$
$b_{j}\mathrm{x}\mathrm{o}\mathrm{r}b_{2n-j-1+k}$ ,
. . . , $b_{n-1}\mathrm{x}\mathrm{o}\mathrm{r}b_{n+k}$
.
, . , .
A 4 $\text{ }$ 3
. , , 3 . 6 ,
.
( 8) , 2 ( )
.
. $A$ ,
$A(z(0))A(z(1))\cdots A(z(N^{2}-1))$ ( , $(k+1)$
$z(k)$ ), STEP2, 3
$B(z(0))B(z(1))\cdots B(z(M-1))$ ( $M$ ), $A(z(N^{2}))A(z(N^{2}+$
$1))\cdots A(z(2N^{2}-1))$ $B(z(M))B(z(M+1))\cdots B(z(2M-1))$
, $\cdots$ $B$ . , $A$ $B$
( ) , 2 .
2
$x$ , $x$ floor(x) . , the
relativized propositional calculus Dowd .
, [ 99] , ,
$\{0, 1\}^{*}$ . $\{0, 1\}^{*}$
{0, 1} . , ,
, (forcing condition) .
$n$ $(n\geq 1)$ $\xi^{n}$ .
$\xi^{n}(q_{1}, \ldots, q_{n})$ , $q_{1}\cdots q_{n}$
. The relativized propositional calculus (RPC) C ,
$\{\xi^{n} : n\in \mathrm{M}\}$ . $\xi^{n}$
. $A$ , n $A^{n}$
20
. , $A^{3}$ , , 3
$\{0, 1\}^{3}$ $\{0, 1\}^{*}$ , ( ) $\wedge$
$\lambda$ .
$\{0, 1\}^{3}$ : 000, 001, 010, 011, 100, $101$ , 110, 111.
$\{0, 1\}^{*}$ : $\lambda$ , 0, 1, 00, 01, 10, 11, 000,
, $\{0, 1\}^{*}$ 8 $\{\lambda, \ldots, 000\}$ .
$A^{3}$ . , $\simeq$ .
$A^{3}$
$\{0, 1\}^{3}$ $arrow$ {0, 1}
$\simeq$ $\downarrow|$ $\nearrow A\lceil\{\lambda, \ldots, 000\}$
$\{\lambda, \ldots, 000\}$
$A$ , $\xi^{3}(q_{1}, q_{2}, q_{3})$ $A^{3}(q_{1}q_{2}q_{3})$ .
, (1) , $\xi^{n}(q_{1}, \ldots, q_{n})=\xi^{n+1}(0, q_{1}, \ldots, q_{n})$
$\xi^{n}$ $\xi^{n+1}$ , (2) ,
, 2 .
$(k+1)$ $z(k)$ . , $\lambda=z(0)$





$\mathrm{T}\mathrm{A}\mathrm{U}\mathrm{T}^{A}$ . , one-
query formula . One-query formula , TAUT
$A$ one-query tautology . $A$ one-query
tautology $1\mathrm{T}\mathrm{A}\mathrm{U}\mathrm{T}^{A}$ . , $r$ r-query
formula, A $r$-query tautology, $r\mathrm{T}\mathrm{A}\mathrm{U}\mathrm{T}^{A}$ . $F$
, , $S$
$X$ $F$ , $\Gamma S$ $F$ .
$A$ $\mathrm{t}$ , $p$ ,
$F\in \mathrm{T}\mathrm{A}\mathrm{U}\mathrm{T}^{A}$ , $A$ ( ) $S$ ,
: [$S$ $F$ , , $S$ ( )
$p(|F|)$ .
$r$ , $A$ $r$-Dowd (Dowd r-generic
oracle) , $\mathrm{t}$ TAUT $r\mathrm{T}\mathrm{A}\mathrm{U}\mathrm{T}^{A}$
21
. $r$ , $r$-Dowd
1 ( [Do92],
[SuOl, Su02] ). , $\mathrm{t}$
[SuOl]. RPC Dowd ,
[Do92, SuOl, Su02, Su05] .
Martin-L\"of randomness 1 2 Calude [Ca02] ,
[BDG88, BDG90] , [Fe68,
Fe71] , [ 95] , [Ge03,
Kn98, 89, 70] , . , BMP













, . , $V$ .
$V$ : , $n_{1}$ , 0
1 $n_{1}$ . $n_{0},$ $n_{1}$
, ( ) ,
, . $n=n\mathrm{o}+n_{1}$ , $b=n_{1}/n$
$2nb(1-b)$ , $4nb^{2}(1-b)^{2}$
[#F 70]. $n$ , $b$ 1( ) ,
$\frac{(_{\grave{l}}\underline{\S}\text{ }\backslash \text{ })-2nb(1-b)}{2b(1-b)\sqrt{n}}$ (3.1)
( , 0, 1 , 95%
-1.96 196 ). , (3.1) $n$ ,
22
$b$ , ( ) ,
1( ) ( ) $V$ .
,
$V$ , 196
. , . , \Delta




( 24 BMP , $256\mathrm{x}256$ )
, $\mathrm{i}$ , $j$
$a_{i,j}$ 0 1 .




, 10 , 10
. OOOOOOOOOOO( 11 ) O( 1 ) .
$\bullet$ BMP , 1 05
( 025).. 0 1 , $V$ 196 (
, ) ,
$V$ 1.96 . $V$
31 .
3.4 2
, 2 . A ,
, .
23
\Delta 1 ( \Delta )
STEPI: (2 ) . , 1
.
, 1
, $\mathrm{F}^{1}\mathrm{J}$ la (la , linear array ).
STEP2: 2 .
la 1100011100000 .
2,3,3,5 . 2 , 1,11,11,101
( 2 ).
2 1,2 . , 2 ,2
1 . 1 , la (
$i$ $i$ ) , 0, 1
.
2 , 1 .
, 1,1,1,01 . , 1 , .
$(\mathrm{A}\mathrm{B}\mathrm{C}arrow \mathrm{C}\mathrm{B}\mathrm{A})$ , be (be ,
binary encoding ). , be :11110
STEP3: STEP2 be .




. 200 be ,1 05




, $V$ 196 ( ,
) , 1 05 .
24
1 ( be) XOR ( )
. $\text{ }$ ,
.
$\text{ }$ 2 ( \Delta )
STEPI: 1 STEPI .
STEP2: \Delta 1 STEP2 .
STEP3: i(l\leq i\leq (1/2)( be )) , be $\mathrm{i}$ $(\mathrm{i}$
) , be $\mathrm{i}$ (xor)
, myXOR $\mathrm{i}$ . myXOR
.




, 1 05 , $V$ 196
. .
3 ( $\text{ }$ , 4 )
.
2 testl.bmp-testlOO.bmp 100 2







$\chi^{2}$ ( $M$ , $2n+1$) .
$V$ $M$ , 2 .
$x_{1},$ $x_{2}.,$ $\cdots,$ $x_{n}$ ( $x_{1}<x_{2}<\cdots<x_{n}$ ) , $2n+2$
$E_{1}$ : $x\leq-x_{n}$ , $E_{2}$ : $-x_{n}<x\leq$ -x l , $\cdots,$ $E_{n+1}$ : $-x_{1}<x\leq 0$ ,
[ $E_{n+2}$ ; $0<x\leq x_{1}\lrcorner,$ $\cdots,$ [$E_{2n+1}$ : $x_{n-1}<x\leq x_{n}\rfloor,$ $TE_{2n+2}$ : xn<x
25
–
1 $\emptyset_{\mathrm{D}}^{\mathscr{L}}\mathrm{I}\mathrm{J}_{\square }^{\wedge-\emptyset\mp\pm^{f_{arrow](\ovalbox{\tt\small REJECT}}},}\backslash$’ 0.494 0.494
$V$ $\emptyset\backslash \mp\prime \mathfrak{B}arrow\{\ovalbox{\tt\small REJECT}$ -0.193 -0.187
$\chi^{2}$ $\Re\not\in$







, 1/(2n+2) . ,
$V$ $M$ $2n+2$ $M/(2n+2)$
5 . $i=1,2,$ $\cdots,$ $2n+2$ ,
$E_{:}$ $fi$ , , $2n+1$ 2 ,
$\sum_{i=1}^{2n+2}\frac{(f_{i}-M/(2n+2))^{2}}{M/(2n-\vdash 2)}$ (3.2)
$\alpha$ . , $\alpha<0.05$ ,
. , . $\alpha\geq 0.05$ ,
. , .
, 3 testlOl.bmp-test200 bmp 100
. 100 , (WACOM
intuos $3^{\copyright}$ PTZ-630, ) .
, .
3: testlOl bmp-test200 . $\mathrm{b}\mathrm{m}\mathrm{p}$
$256\mathrm{x}256$ , $\text{ }$ 3
, 2730 . , 2
, testl.bmp-testlOO.bmp 100
12,000 4






\Delta 3 ( )
$C_{1},$ $C_{2}$ , $C_{3}=\mathrm{f}\mathrm{l}\mathrm{o}\mathrm{o}\mathrm{r}(1o\mathrm{g}_{2}(C_{1}+C_{2}))$ . , floor(x)
$x$ . $C_{1}=60,$ $C_{2}=2$ $C_{3}=5$
. $C_{1}$ , $C_{2}$ , (
256 $\mathrm{x}256$ ) ,
.
STEPI: $\text{ }$ , $a$ .
$a=a_{0,0}\cdots a_{0,N-1}\cdots a_{N-1_{2}0}\cdots a_{N-1,N--1}$
STEP2: STEPI $C_{1}$ .
(o) $=a_{0}^{(0)}\cdots a_{C_{1}-1}^{(0)},$ $a^{\langle 1)}=a_{0}^{\langle 1)}\cdots a_{C_{1}-1}^{(1)},$ $\cdots$ .
$a^{(0)}$ , $C_{2}$ 2 $r_{0}^{(0)}$ ,
$r_{1}^{(0)},$
$\cdots,$
$r_{j}^{(0)},$ $\cdots$ . $j$ , $r_{j}^{(0)}$ 1 ,
$s_{j}^{\langle 0\rangle}$ . $s_{0}^{\langle 0)},$ $s_{1}^{\langle 0)},$ $\cdot$ . . , $s_{j}^{(0)},$ $\cdots$
$C_{3}$
$b^{(0)}$ . , $a^{(1)},$ $a^{(2)},$ $\cdots$
$b^{(1)},$ $b^{(2)}$
}






STEP3: STEP2 $b_{0}\cdots b_{2n-1+k}$ . , $n$ , $k$
0 1 . ,
$b_{0}\mathrm{x}\mathrm{o}\mathrm{r}$ b2 $1+k,$ $b1\mathrm{x}\mathrm{o}\mathrm{r}$ b2 $\mathit{2}+k,$ $\cdot$ . . , $b_{n-1}\mathrm{x}\mathrm{o}\mathrm{r}b_{n+k}$
27
.





















500 test201.bmp-test700 .bmp ,
( , )
,
, 1 . $V$




100 test201 $.\mathrm{b}\mathrm{m}\mathrm{p}-\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}300.\mathrm{b}\mathrm{m}\mathrm{p}$ $\mathfrak{j}_{\sqrt}\mathrm{a}$ ,
. lest201I 250. $\mathrm{b}\mathrm{m}\mathrm{p}$ , test2510300.bmp
.
4 test2010 $300.\mathrm{b}\mathrm{m}\mathrm{p}$ 2 3
. $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}20\mathrm{l}\mathrm{I}250.\mathrm{b}\mathrm{m}\mathrm{p}$ test2510300 .bmp 5
6 .
4; 5: 6: 7:
$\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}201$ .bmp $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}229.\mathrm{b}\mathrm{m}\mathrm{p}$ test266.bmp test288. $\mathrm{b}\mathrm{m}\mathrm{p}$
5.2
100 test301 .bmp-test400. $\mathrm{b}\mathrm{m}\mathrm{p}$ ,
( ) . $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}30\mathrm{l}\mathrm{I}350.\mathrm{b}\mathrm{m}\mathrm{p}$ , $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}351\square$
400. $\mathrm{b}\mathrm{m}\mathrm{p}$ .
7 test3010 $400.\mathrm{b}\mathrm{m}\mathrm{p}$ $\text{ }$ 2 3
. test3010350. $\mathrm{b}\mathrm{m}\mathrm{p}$ $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}35\mathrm{l}\mathrm{D}400.\mathrm{b}\mathrm{m}\mathrm{p}$ 8
9 .
$\text{ ^{}\backslash }$
$\mathrm{S}$ : $\mathrm{g}^{\backslash \backslash }$I9: $\mathbb{E}\backslash \backslash$ 10: $\text{ }\backslash$ 11:
$\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}311.\mathrm{b}\mathrm{m}\mathrm{p}$ $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}342.\mathrm{b}\mathrm{m}\mathrm{p}$ $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}354$ .bmp $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}397$ .bmp
$\mathit{2}\theta$
4: test201 bmp-test300 . $\mathrm{b}\mathrm{m}\mathrm{p}$
5: test201 bmp-test250 . $\mathrm{b}\mathrm{m}\mathrm{p}$
6: test251 . $\mathrm{b}\mathrm{m}\mathrm{p}-\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}300.\mathrm{b}\mathrm{m}\mathrm{p}$
30
1 $\omega_{\mathrm{D}}^{\ovalbox{\tt\small REJECT}}$. $\mathrm{J}_{\square }^{\infty}\mathcal{D}^{\backslash }\not\simeq\eta’-\{\ovalbox{\tt\small REJECT}$ 0.495 0.497
1 $\emptyset_{\mathrm{D}\mathrm{J}_{\mathrm{D}}^{\mathrm{A}}}^{\mathrm{a}}\emptyset^{J}\acute{\mathrm{z}}^{\mathrm{C}}\ovalbox{\tt\small REJECT}$ $5.34\cross 10^{-s}$’ 8.93 $\mathrm{x}$ $10^{-5}$
$V$ $\emptyset\backslash \mp$’ $15arrow\{\ovalbox{\tt\small REJECT}$ $\sim 0.101$ 0.0896
$V$ $\emptyset_{i\mathrm{U}}^{J\backslash }\ovalbox{\tt\small REJECT}$ 0.963 0.967
$\mu_{\mathrm{I}}y]\emptyset \mathrm{E}\epsilon$ $\emptyset\backslash \mp\prime \mathrm{f}arrow 3l\ovalbox{\tt\small REJECT}$ 5951 2730 $(-\not\in)$
$ffl f_{]}a\mathit{3}\mathrm{F}\mathrm{E}$ $\theta \mathit{3}_{J\mathrm{J}}^{J\backslash }\ovalbox{\tt\small REJECT}$ 2.34 $\mathrm{X}$ $10‘ \mathrm{i}$ 0
$\chi^{2}$ $\Re\ae$







$\ovalbox{\tt\small REJECT}$. $\check{J}^{7}\mathrm{K}|/\mathrm{Z}\mathrm{J}1$)$\backslash \backslash \text{ ^{}\grave{\backslash }}\text{ }2\vec{J}l\mathrm{s}:\supset^{\backslash \backslash }\iota$ ) $\grave{\grave{\text{ }} }3$
1 0.495 0.496$\mathit{0}3_{1}\ovalbox{\tt\small REJECT}_{\mathrm{r}}\mathit{4}_{\square }^{\infty}\emptyset^{\iota}\yen \mathrm{L}\tau-(\mathrm{t}\ovalbox{\tt\small REJECT}$
$V$ $\emptyset\backslash \mp’\mathrm{f}\prime \mathrm{q}arrow f\ovalbox{\tt\small REJECT}$ -0.0824 0.225
$V$ $\varpi_{n-\ovalbox{\tt\small REJECT}}^{/\backslash }$ 1.259 0.915






8; test301. $\mathrm{b}\mathrm{m}\mathrm{p}-\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}350$ .bmp




$\emptyset_{\mathrm{R}}^{\mathrm{s}\mathrm{J}_{\square }^{\mathrm{A}}}\mathit{0})^{\backslash }*\mathrm{F}arrow,$]$\{\ovalbox{\tt\small REJECT}$
$\emptyset\backslash \yen \mathrm{f}^{f_{arrow]}},f\ovalbox{\tt\small REJECT}$
$a\mathit{3}k_{\mathrm{B}}^{\backslash }\eta$ .6 .9









100 $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}401.\mathrm{b}\mathrm{m}\mathrm{p}-\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}500$ .bmp ,
, ,
. $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}40\mathrm{l}\mathrm{I}450.\mathrm{b}\mathrm{m}\mathrm{p}$ , test4510500‘ $\mathrm{b}\mathrm{m}\mathrm{p}$ .
10 test4010500.bmp $\text{ }$ 2 $\text{ }$ 3
. test4010450 bmp $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}45\mathrm{l}\mathrm{I}500.\mathrm{b}\mathrm{m}\mathrm{p}$
11 12 .
12: 13: 14: 15:
$\mathrm{t}\mathrm{e}\mathrm{s}^{\backslash }\mathrm{t}426$.bmp test431 bmp test456.bmp test499.bmp
5.4
100 $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}501.\mathrm{b}\mathrm{m}\mathrm{p}-\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}600.\mathrm{b}\mathrm{m}\mathrm{p}$ v‘ ,
( ) , ,
. test5010550.bmp , $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}55\mathrm{l}\mathrm{I}600‘ \mathrm{b}\mathrm{m}\mathrm{p}$
.
13 test5010 $600.\mathrm{b}\mathrm{m}\mathrm{p}$ $\text{ }$ 2 $\text{ }$ 3
. $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}501\mathrm{I}550.\mathrm{b}_{\lambda}^{\mathrm{v}}\mathrm{n}\mathrm{p}$ $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}55\mathrm{l}\mathrm{I}600.\mathrm{b}\mathrm{m}\mathrm{p}$
14 15 .
16: 17: 18: 19:
test509.bnlp test514.bmp $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}595.\mathrm{b}_{1}\mathrm{n}\mathrm{p}$ $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}600.\mathrm{b}\mathrm{m}\mathrm{p}$
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1 $\emptyset_{\mathrm{D}}^{\mathrm{a}\mathrm{J}_{\square }^{\mathrm{A}}}\emptyset\backslash \mp\prime 1’\circarrow \mathrm{f}\ovalbox{\tt\small REJECT}$ $0.500$ 0.478
1 $\emptyset_{\mathrm{R}}^{\mathrm{E}}\mathrm{T}\mathrm{J}_{\square }^{\mathrm{A}}a)^{J\backslash }\not\supset \mathfrak{F}$ 7.22 $\mathrm{x}$ $10^{-5}$ 2.25 $\mathrm{x}$ $10^{-4}$
$V$ $\emptyset\backslash \mp\prime \mathrm{f}^{f_{\wedge}},]f\ovalbox{\tt\small REJECT}$ -0.112 -0. 0925
$V$ $\emptyset_{J\mathrm{J}}^{/\backslash }\ovalbox{\tt\small REJECT}$ 1.067 1.488
$ffl 7]\mathit{0}\supset\ovalbox{\tt\small REJECT} \mathrm{E}$ $\emptyset\backslash \mp’\mathrm{f}_{\vee 3\dagger\ovalbox{\tt\small REJECT}}^{f_{-}}$ 4423 2730 $(-\not\in)$
$ffl 7\supset\theta \mathit{3}\ovalbox{\tt\small REJECT}\Xi$ $a]_{7\mathrm{J}^{\backslash }}’\ovalbox{\tt\small REJECT}$ 2.69 $\mathrm{x}$ $10^{6}$ 0
$\chi^{2}$ $\Re\not\in$







$\ovalbox{\tt\small REJECT}\frac{arrow 7\nearrow]1\prime\grave{\supset}.12\grave{\text{ } }2\overline{J}^{\gamma}J\mathrm{I}/\subset\grave{1}^{\backslash }1Ji\grave{\mathrm{X}}\text{ }3-}{------,1\text{ _{}\mathrm{D}}\overline{\mathrm{g}\mathrm{T}\mathrm{J}}_{\fbox}^{\overline{m}}-\text{ ^{}\backslash \prime}\mp \mathrm{f}_{\vee}^{f_{arrow}}]f\ovalbox{\tt\small REJECT} 05030.473}$
1 $\emptyset_{\mathrm{D}}\Xi \mathrm{T}\mathrm{J}_{\fbox}^{m}-\emptyset\backslash \mp\prime \mathrm{f}_{\vee}^{f_{arrow}}$]$f\ovalbox{\tt\small REJECT}$ 0.503 0.473
$V$ $\emptyset\backslash \yen \mathrm{f}5$, $\{\ovalbox{\tt\small REJECT}$ -0.0825 -0.375
$V$ $\omega_{J\mathrm{J}}^{/\backslash }\ovalbox{\tt\small REJECT}$ 1.091 1.816
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1 0.497 0.483$\emptyset_{\subset}^{\mathrm{g}},\mathrm{f}\mathrm{J}_{\square }^{\mathrm{A}}\emptyset\backslash \mp\prime \mathfrak{B}\mathrm{f}\ovalbox{\tt\small REJECT}$
$V$ $\emptyset\backslash \mp’\infty^{arrow},(\ovalbox{\tt\small REJECT}$ -0.141 0.190
$V$ $\emptyset_{i\mathrm{U}}/\backslash \ovalbox{\tt\small REJECT}$ 1.041 1.001









14: test501 bmp-test550 . $\mathrm{b}\mathrm{m}\mathrm{p}$




, , , . test6010650 .bmp
, test651 $[]$ 700 . $\mathrm{b}\mathrm{m}\mathrm{p}$ .
16 test6010700 .bmp $\text{ }$ 2 3
. $\mathrm{t}\mathrm{e}\mathrm{s}\mathrm{t}60\mathrm{l}\mathrm{I}650.\mathrm{b}\mathrm{m}\mathrm{p}$ test6510700.bmp
17 18 .
$\mathrm{I}^{\iota\backslash }\Sigma$ 20: $\ovalbox{\tt\small REJECT}\backslash \backslash$ 21: $\text{ }\backslash$ 22: $\mathbb{H}\backslash \backslash$ 23:




1 $r$ , $D$ $r$-Dowd (Dowd $r$
)
, $\text{ }D$ .
1 Suppose that an oracle $A$ is Martin-L\"of random.
Then $A$ is $r$ -Dowd for any positive integer $r$ .
$f$
, , 0 .
0 \tilde (-clocked)
$M^{\sim}$ , $A$ $u$ $M^{A}(u)=$
$f(A)(u)$







2 1 $D$ , $f(D)$ 1
$f$ 0 , ,
2’ H $s$ , $s$ -Dowd $D$
, $f(D)$ $r$-Dowd
, , $f$ 2 .
, 2 .
2 [Su02] Suppose that $D$ is $a1$ -Dowd oracle. Then, $D$ does not have polyno-
mial size circuit $(D\not\in \mathrm{P}/\mathrm{p}\mathrm{o}1\mathrm{y}).$ In particular, $D$ is not polynomial-time computable
$(D\not\in \mathrm{P})$ .
3 Suppose that $k$ is $a$ positive integer, $f$ is $a$ function from $\{0, 1\}^{k}$ onto $\{0, 1\}_{f}$
and $D$ is an oracle such that $D$ is r-Dowd for all positive integer $r$ . Then, there
exists a natural number $\mathrm{i}$ such that
$f(D(z(i)), D(z(i+1)),$ $\cdots,$ $D(z(i+k-1)))=0$ . (6.1)
, 1 2 .
4 Suppose that $r$ is $a$ positive integer, $A$ is an $r$-Dowd oracle, $f$ : $\{0, 1\}^{*}\prec$
$\{0,1\}$ is $a$ polynomial-time computable function, and $T\subseteq\{0,1\}^{*}$ is $a$ sparse set
such that $T$ is polynomial-time computable. Let $B$ be an oracle defined as follows.
For each string $u,$ if $u\in T$ then $B(u)$ is defined as to be $f(u)$ , and otherwise $B(u)$
is defined as to be $A(u)$ .
Then, $B$ is $r$ -Dowd.
, 1 3 . , 1 $D$ ,
$\mathrm{P}$ -immune .
5 Suppose that $s$ and $r$ are positive integers, $A$ is an $sr$ -Dowd oracle and that
$f$ is a function from $\{0, 1\}^{s}$ onto {0, 1}. Let $B$ be an oracle defined as follouzs.
For each natural number $m$ , we define $B(z(m))$ as to be $f(A(z(sm)),$ $A(z(sm+$
$1)),$ $\cdots)A(z(sm+s-1)))$ .
Then, $B$ is an $r$ -Dowd oracle.
$\ovalbox{\tt\small REJECT} 6$ Suppose that $m$ is a positive integer. Then, there exist oracles $D_{1}$ and $D_{2}$ such
that each of them is an $r$ -Dowd oracle for $alt$ positive integer $r$, and such that the
following holds.
$\lim_{n\prec\infty}\frac{|\{\mathrm{i}\leq n.D_{1}(z(\mathrm{i}))=1\}|}{n}.=\frac{1}{2^{m}}$ , (6.2)
$\lim_{narrow\infty}\frac{|\{i\leq n.D_{2}(z(i))=1\}|}{n}.=1-\frac{1}{2^{m}}$. (6.3)
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, 1 1 .
$*,$ $7$ Suppose that $r$ is a positive integer, Ais a $2r$ -Dowd $\mathrm{o}racle_{\mathit{3}}$ and $B$ is an or-
acle defined as follows. For each natural number $m_{J}$ we define $B(z(m))$ as to be
$A(z(2m))$ xor $A(z(2m+1))$ .
Then, $B$ is an r-Dowd oracle.
$\text{ }$ 3 $M$
.
$N,$ $C_{1},$ $C_{2}$ , $C_{3}=\mathrm{f}\mathrm{l}\mathrm{o}\mathrm{o}\mathrm{r}(\log_{2}(C_{1}+C_{2}))$ . , $C_{2}<C_{1}<N$
. , $N^{2}$ $C_{1}$ $q_{1}$ . $X$ $z(k)$ (
$k\in \mathrm{N}$) , $M$ $M^{X}(z(k))$ . , $k$
$q_{1}C_{3}$ $q_{2}$ , $k’$ .
$X(q_{1}C_{1}q_{2})X(q_{1}C_{1}q_{2}+1)\cdots X(q_{1}C_{1}(q_{2}+1)-1)$ $a$ , a\sim
3 STEP 2 . , 3 STEP 3
, $k’$ (0 1 ) $M^{X}(z(k.))$
.
( ) $f$ , $M$
. $X$ , $f(X)$ $\{u\in\{0,1\}^{*} : M^{X}(u)=1\}$
( ) .
, $X$ ( 1 )
( ) ,
$f$ 3 . , .
8 $f$ 2 .
7
, $\text{ }$ 3 8
, , 3 U‘
.
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